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Winter wheat 
An understanding of the difference 
between 'winter' and 'spring' wheat is 
fundamental to any appreciation of 
wheat growing in the U.K. About 95 
per cent of its production is from 
winter wheat whereas I 00 per cent of 
Australia's production is from spring 
wheats. 
The essential difference between 
winter and spring wheat lies in the 
size of their vernalisation ( cold 
influence) requirement which 
determines when the plant first forms 
an embryonic ear. Winter wheat, 
with a big vernalisation requirement, 
must endure a prolonged cold period 
to condition the plant to initiate an 
ear, and may thus be sown safely in 
autumn in the knowledge that ear 
initiation will not occur until the 
following spring. If sown in spring 
such wheats do not receive enough 
cold to complete their life cycle. 
quality. A small amount, about 0.5 
million tonnes, is used for biscuits 
and the remainder, usually three to 
four million tonnes, goes into animal 
rations. 
• 'Tramlines' in a Wiltshire cereal crop. They are vehicle pathways for the precise application 
of in-crop fertilisers and chemicals. 
Harvest year 
1965 1970 1981 
to to 1977 1978 1979 1980 ( esti- 
1963 1972 mated) 
Production 
(million tonnes) 3.6 4.1 4.7 5.3 6.6 7.1 8.2 
Net imports 3.9 4.5 3.4 3.3 2.5 2.2 
Total supply 7.5 8.6 8.1 8.6 9.1 9.3 
% Self 
sufficiency 48 48 58 61 73 76 
*provisional 
The industry 
Few Australians realise that the 
United Kingdom is a major cereal 
producer in its own right. Its wheat 
industry, after a period of impressive 
growth, is approaching self 
sufficiency and, if present trends 
continue, will become a net exporter 
of grain and a competitor on world 
markets in a few years time. The 
table illustrates some major 
developments in U.K. wheat 
production. 
Its wheat imports consist of hard, 
high protein wheats from north 
America, for use in blends with home 
produced flours for bread making. 
This is the end use for half of the 
present U.K. production but this 
proportion is expected to increase 
steadily as new varieties and 
husbandry techniques increase the 
proportion of wheat of bread making 
Ten tonnes of grain per hectare may 
sound like afairy tale to an 
Australian producer, but to a few 
wheat growers in the United 
Kingdom it has become not just an 
exceptional yield but the yield to be 
aimed for every year, and to be 
achieved in most. 
Such yields are the spectacular 
achievement of thirty years of 
unrivalled progress for the United 
Kingdoms cereal industry. Top 
yields are now above the theoretical 
maximum predicted only a few years 
ago, average yields (close to 5 tonnes 
per hectare) are the highest in the 
world and overall productivity has 
increased by over JOO per cent in 
three decades. 
Given such progress it is not 
surprising that more and more 
Western Australian wheat growers 
are looking at these achievements- 
often in person-and asking whether 
some of the same principles can be 
applied to our own industry. 
This article outlines the nature of the 
UK. wheat industry, analyses the 
similarities and differences between it 
and our own industry-for it is these 
that determine what benefit we can 
obtain from U. K. experience-and 
gives some personal impressions 
gleaned during a recent visit. 
by M. W. Perry, Research Officer, 
Division of Plant Research 
United Kingdom wheat industry on the move 
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•Figure I. Life cycles for United Kingdom winter and spring wheat crops and for a Western Australian spring crop. 
a Reversed figure• number of wet days Grain fill 
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Sources of yield improvement 
The growth of the U .K. cereal 
industry over the past 30 years is an 
almost unparalleled success story for 
both research and the application of 
its results in the commercial sphere. 
Spring wheats on the other hand 
have a lower vernalisation 
requirement which is readily satisfied 
by the warmer spring temperatures. 
If sown in autumn, spring wheats 
vernalise very rapidly and would 
mature in spring in conditions 
unsuited to grain production. 
Figure I a compares the life cycles of 
the European winter and spring 
crops. Thus, winter crops are sown in 
autumn (October) and undergo a 
period of growth before the onset of 
winter slows or halts development. 
Severe weather causes some winter 
kill, but equally, crops resume 
growing in spring, head in June and 
are harvested in August. Spring 
wh are generally sown in March 
and mature somewhat later than the 
winter crops. 
The overwhelming predominance of 
winter over spring crops is due 
simply to their much higher yield 
potential. As can be seen in the 
figure, the winter crop grows over a 
period of IO to 11 months. Even 
discounting the winter period, it can 
produce much more dry matter and 
grain than the spring crop. The 
contrast between the two is most 
apparent in spring, for, when the 
spring crop is only just being sown, 
the winter crop may already have 
three to four tonnes per hectare of 
dry matter present and be about to 
enter the phase of most rapid growth. 
By comparing Figures I a and I b it is 
also possible to draw some 
comparisons between the climate of 
the U. K. and that of the Western 
Australian wheatbelt. The climate of 
Cambridge, an important cereal 
growing area, illustrates the cold 
winters, equitable summer 
temperatures and remarkably 
uniform rainfall pattern of the 
southern U.K. Compare this with 
Narrogin where the available growing 
season is much shorter, and the 
pattern of rainfall and temperature 
much less favourable during the grain 
filling period. 
spring in three or four split 
applications. On top of these basic 
inputs a comprehensive growth 
regulator and fungicide spray 
programme is applied with foliar 
nitrogen and trace elements 
incorporated into the final fungicide 
sprays. 
This, and similar management 
programmes, have generated 
considerable controversy. Their 
proponents claim generally higher 
gross margins from the high input 
systems, but this is clearly dependent 
upon both a very productive 
environment (that is soil type and 
weather) and very professional 
management. The system is based on 
'insurance' levels for most inputs. 
This is most apparent in the repeated 
spraying of often-complicated 
mixtures of fungicides-an approach 
far removed from the 'tactical' 
spraying for disease control 
advocated by government-sponsored 
advisory and research services. 
Meanwhile, disease resistance 
breeding is pursued vigorously and 
overall the levels of genetic resistance 
1977 1967 1957 1947 
Gain due to new 
varieties 
I 
3 
4 
5 
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Will breeders continue to make 
substantial progress? They believe so. 
Looking backward, studies of the 
yields of superceded varieties show 
no plateau in yields but rather an 
accelerating trend to higher yielding 
varieties. This can be attributed to 
the increased resources devoted to 
plant breeding. 
Improved technology 
High inputs-in terms of fertilisers, 
fungicides, growth regulators, and 
specialised machinery for their 
application-more than any other 
factors, strike the visitor to the U .K. 
The contrast is particularly strong for 
Australian producers whose 
agriculture has been built very 
successfully on low inputs and big 
areas. 
The rapidity of technological change 
is amply illustrated in the photograph 
of 'wheelings' or 'tramlines' in a 
maturing crop. Only five years ago 
such a sight was rare, but in 1981 
virtually every winter cereal crop 
would receive in-crop sprays and 
fertilisers applied on the tramline 
system. To set the scene, consider the 
inputs used by a good farmer 
expecting an above average (but not 
top producing) 7 t/ ha crop (see box). 
The variable costs of such a 
programme (that is, labour, fuel, all 
chemicals, fertiliser) would approach 
$350/ ha with a gross margin (returns 
less variable costs) of perhaps 
$850/ha. This may appear an 
excellent return on investment but it 
must be remembered that the fixed 
costs of owning land in the U .K. are 
also very high. 
While this may be an average 
programme, farmers with soils of 
lower yield potential would be using 
much lower inputs-lower nitrogen 
levels and probably no fungicide or 
growth regulator. 
At the other end of the spectrum 
some individuals and some corporate 
farming enterprises with fertile soils 
are using very high inputs and 
complex production systems. One 
particular management scheme, the 
'Schleswig-Holstein' system used in 
northern Germany, has gained much 
publicity. This advocates high 
seeding rates (around 200 kg/ ha), 
high phosphate and potash 
applications at seeding and high 
nitrogen fertiliser rates applied in 
The average yield of wheat in the 
U.K. has more than doubled in the 
last 30 years (Figure 2) from 2.4 
tonnes per hectare in 1947 to more 
than 5 t/ha today. Data from variety 
trials and from comparisons of ord 
and new varieties suggests that about 
60 per of that increase has been due 
to new wheat varieties and about 40 
per cent to improved crop 
husbandry. With the very top 
crops-which yield about twice the 
national average-it is obvious that 
husbandry has played a bigger role. 
New varieties 
The success plant breeders have had 
can be judged from the yield 
increases recorded by some new 
varieties in recent years. Maris 
Huntsman, a variety first 
recommended in 1972 outyielded its 
predecessor Cappelle Despres by 20 
per cent and Norman, a new release 
in 1981, has outyielded Maris 
Huntsman.~):'. I I per cent. 
How have such spectacular gains 
been accomplished? One reason is 
that all the varieties mentioned are 
feed wheats and selection has been 
unconstrained by considerations of 
breadmaking quality. However, to 
suggest that this is the main reason 
why variety improvement has been so 
:r_apid would be quite untrue. 
Variety and crop husbandry are 
interacting constantly. A particular 
varietal characteristic may change or 
reinforce an agronomic practice and 
equally, a change in husbandry will 
allow room for selection of better 
adapted varieties. This is a general 
principle, but it is well illustrated by 
U.K. experience. 
The introduction of dwarfing genes 
into breeding programmes allowed 
substantially shorter varieties to be 
developed. These, it was soon shown, 
could tolerate much higher rates of 
nitrogen fertiliser without serious 
lodging. This has been the single 
most important source of yield 
improvement in the U.K. 
But the story does not end there. 
Shorter crops, lush with nitrogen, 
may be more disease susceptible and 
this in turn has stimulated additional 
interest in using fungicides and in 
intensive selection for disease 
resistance. Such is the interaction of 
variety and environment. 
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Harvest August 
July 
Insecticide (a phis) 
Fungicide/trace- 
element mix 
Fungicide (broad spectrum 
for leaf diseases) 
Flag leaf 
emergence 
Heading June 
Fertilise (N) 
Fungicide (eyespot disease) 
Chlormequat growth regulator 
Fertilise (main N application) 
Stem 
extension April 
May 
Insecticide (A phis) 
Fertilise ( N) 
Tillering 
March 
February 
January 
December 
Early 
tillering 
November 
Burn stubble 
Cultivate as required 
Fertilise ( P & K) 
Seed ( 150 to 180 kg/ ha) 
Herbicide (grasses and 
broadleaf weeds) 
Sowing October 
Options Basic operations 
A second point of interest was the 
general innovative attitude towards 
weed control. In other words, the 
ind us try in general tended to take a 
long term rather than a 'one year' 
view of weed control. Here are two 
examples: 
Reformulation and tank mixing 
should have a bright future in 
Western Australia, but it must be 
recognised that the potential for crop 
damage is always present. What may 
be needed is some method of 
subjecting mixtures to the same 
research and development 
requirements as other new herbicides. 
Herbicides 
Strong research and intensive 
marketing by the major chemical 
companies characterise the U.K. 
herbicide market. Products are 
available for the control of all major 
cereal weeds. Two trends are worth 
comment. Firstly, the mixing of 
different herbicides to achieve better 
control and/ or a wider spectrum 
and/ or lower cost. Although this is 
viewed with mixed feelings by the 
major chemical companies, tank 
mixing is being pursued by smaller 
independent research and advisory 
groups, with an active farmer 
interest. 
September 
Growth 
Stage 
improvement does not occur in 
isolation but that progress will be 
most rapid when selection and 
variety testing take place in the 
specific environments where the crop 
will be grown. For example, if earlier 
planting dates can give higher yields, 
then selection in this new 
environment is likely to provide the 
most rapid improvement in variety 
performance. 
Western Australia already has a 
sophisticated programme to select 
varieties for specific areas and 
conditions; but if breeding and 
variety testing are to continue to 
respond to changing husbandry, then 
producers must actively participate in 
setting the aims and assessing the 
progress of the breeding programmes 
they support. 
Secondly, results are closely related 
to the resources employed. Increased 
manpower and massively greater 
productivity through mechanisation 
of plant breeding have paid off in the 
U.K. and can be expected to do so in 
Australia. The impact of small plot 
mechanisation has been greatest so 
far in the early stages of breeding and 
its extension into widespread variety 
testing should amply repay the 
additional investment that is needed 
in Western Australia. 
Variety improvement 
Variety improvement in the U.K. has 
gone hand in hand with the changing 
husbandry of the crop, dwarf genes 
and higher nitrogen fertiliser rates 
being the most prominent example of 
this. This emphasises that variety 
What can we learn from overseas? 
There is no doubt that the 'high 
input' packages referred to are not 
directly transferable to the Western 
Australian wheatgrower. Even in the 
U.K. these systems are applicable and 
profitable only in the more fertile 
environments. Most winter wheat 
crops and the whole spring crop 
receive much lower physical and 
management inputs than 
this ... though they are still generally 
higher than in Australia. 
Even if packages are not transferable 
the various components may have 
lessons we can learn. The major 
factors that have been so productive 
in the United Kingdom are: 
• new varieties 
• herbicides 
• machinery 
• producer attitude/ education 
• plant growth regulators and 
fungicides. 
to all the major diseases (mildew, 
yellow and brown rust and Septoria) 
is steadily increasing. 
One of the problems of assessing 
such management programmes is 
their very complexity. When you 
combine fertiliser amounts and 
timings, fungicide sprays, growth 
regulators and the like it is physically 
impossible to test all possible 
combinations to objectively assess 
their individual contribution and 
their interactions with each other. All 
that can be done is to test one system 
against another. 
The UK's Agricultural Development 
and Advisory Service has undertaken 
such comparisons since 1978. Their 
results suggest that while a low input 
system is lower yielding, its gross 
margin is often as good as that of 
higher cost systems. Considering the 
lower risk and lower capital outlay 
involved these results cast some 
doubt on the wisdom of blanket 
inputs except perhaps in the most 
fertile situations. 
Fungicides and growth reglators 
Fungicides represent the latest 
growth point in U.K. agricultural 
technology. Producers there face a 
sophisticated marketing assault from 
the chemical companies. Relating 
yield loss to disease level is 
notoriously difficult and most 
fungicide is applied as 'insurance' to 
protect the major cash outlays 
already spent on seed, fertiliser and 
herbicide. 
Where yields are lower, the high unit 
cost of fungicides is difficult to justify 
unless measured disease level is such 
that there is a good chance of 
economic response. 
Conditions in Western Australia are 
less favourable than in the U.K. for 
the development of foliar diseases 
because of the warm-dry, rather than 
warm-moist conditions during flag 
leaf emergence and grain filling. This 
is amply shown in Figure l where the 
rainfall and the number of wet days 
during grain filling are considerably 
lower for the Western Australian 
situation. Our scope for economic 
fungicide use is thus more limited by 
the environment except perhaps in 
some high rainfall situations where 
research is already in progress. 
Plant growth regulators are widely, 
but not universally, used on wheat in 
the U .K. The most important 
chemical is chlormequat (sold in 
Western Australia as Cycocel 750A) 
which has been in use since the early 
1960s. The chemical has a chequered 
history. It was used originally to 
shorten and strengthen straw to 
prevent lodging but its use declined 
with the introduction of shorter stiff- 
strawed wheats. However, there has 
been a marked upsurge in research 
interest in chlormequat in the past 
two years, concentrating on very 
early applications which appear to 
increase yields by mechanisms other 
than straw strengthening. Some of 
this work, on spring wheat and 
spring barley, should be followed up 
in Western Australia. 
Chlormequat has recently been 
joined by several new chemicals 
which are effective on barley. It is 
likely that much more research and 
development will be devoted to 
growth regulating chemicals in the 
future. 
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Producer attitude and education 
United Kingdom producers are well 
served by both government and 
private advisory services, but in 
addition, the National Agricultural 
Centre at Stoneleigh maintains a 
sponsored Cereal Unit whose prime 
responsibility is to provide 
progressive farmers with up-to-date 
information on all aspects of cereal 
production. 
The unit does not do research but 
rather, recognising that research 
often can deal with only one aspect 
of a problem, attempts to co-ordinate 
and integrate research and 
development for the benefit of the 
end user. The unit's activities include 
organised study tours, courses on 
cereal production led by experts in 
the particular field and the 
production of specialised 
publications to assist farmers in 
managing their crops. 
A second very noticeable aspect of 
producer education is the widespread 
use of 'crop growth stage' rather than 
'calendar time' in crop management. 
This is a consequence of the 
awareness that the cost effectiveness 
of both herbicides and fungicides is 
critically affected by the timing of 
applications. Crop damage through 
wrong timing is now recognised by 
farmers as an important source of 
yield loss, and a few producers 
looking for' l O tonne' yields have 
portable microscopes to dissect 
plants to check growth stage in the 
field. Perhaps this is an extreme, but 
the general level of knowledge about 
the crop and the opportunities for 
those who wish to learn more, is 
much better than in Australia. 
closed the time gap between harvest 
and the following seeding, reducing 
the time available for weed control 
and seedbed preparation. Machinery 
developments in response have 
included not only the zero 
disturbance triple disc drill but a 
range of minimum cultivation 
seeding equipment. 
Machinery development has made a 
substantial contribution to the 
progress of U.K. agriculture. Any 
strengthening of machinery research 
and development in Western 
Australia should be most welcome. 
• Winter wheat agronomy trials in the U.K. 
Machinery 
There is a tradition of innovation in 
farm machinery in the U.K. which 
has paralleled other technological 
developments. The lesson to be 
learned is that one change in farm 
practice is likely to lead to another, 
and that to yet another change. 
Development of new herbicides led to 
the need for application equipment 
able to cover wet ground impassible 
to tractor-mounted implements. The 
result has been the development of 
low ground pressure vehicles with 
ground pressures as low as 14 kPa 
(2 lb/sq. in.) and available custom- 
built for less than $10,000. The need 
to reduce load weights on such 
vehicles has given a similar impetus 
to research into low volume spraying. 
Cultivation equipment also has 
responded to changing farm practice. 
Earlier sowing in the autumn has 
• Low rates of chemical can be 
sprayed to reduce weed seed set, 
even when the weed infestation 
itself may not have warranted 
'economic' spraying. 
• In a continuous winter wheat 
rotation, spraying to control 
perennial grass weeds takes place 
before harvest to allow enough 
time for the systemic chemical to 
act before seed bed preparation 
begins for the following crop. 
Although these techniques do not 
apply to Western Australia, the 
attitude should. We should be awake 
to any opportunity to reduce seed set, 
or otherwise control our weed 
populations. 
